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valeur primitive de Java valeur encodée




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Machine Virtuelle Java hôte classique
interprète Corosol et stocke tous ses objets
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Il crée ensuite l’objet r dans le tas de la JVM
hôte, auquel Corosol associe un identifiant (#r).
Le composant c utilise un Proxy pour accéder à
l’objet #myInt via le tas de Corosol.
un composant avec un objet propre en argument,
comme
Lorsque l’application appelle une méthode sur
Object r=c.f(myInt);






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































getType(JField f) : Type










































































































































































































































































































































































































































































































































tableau de type Type[]








































































































































































































































































































































































































































































































































































	Y¶ß3J$LOþ ý/ü =B@DCFEGE`ý/ûgý"YIücûbþ	ÆþÆýÜü/ýÆý ücýOübýBûﬀﬁDûﬂ ý
û¡ﬃ_ýOüRþ gþßûbþ!"iâ#$#ﬃ%












/	 0ÜüRþ'	Oý=	KûbþÆþÜý>*-Æý?Oücú#@üAﬁ 0 gýqâ)$,ﬃ%
ÇBﬁCOú	ûbüRýDIü+AEKþÆûRý72û+	Oücý#1AE	OýF*Ký ýDûbü;ÜýCOü7/þßû+/ý5ýcû üRýOübýDû+Üý
































































































úﬃ*JÆþAIûRþ ú,u*Fý ýBûbü/ý>*Ký"ûﬁ¡ﬃ_ýOüRþ gþßûbþ!"






















































































































































áÍM þ 0LﬁDûﬀTûbþÆú,*	OýC 0/ûﬀ:]tLRý#%aÇpÏ9×úüRú,bú,M1+E,'	Ký5þ wﬁDûAIûbþÆú,*Ký
 0/ûﬀ:]tﬁRýÖýcû ücýOüRýDûÜýu	ü.	Oý þcûﬀﬁ-/ýK*






ÖtËO@BCKEDEJ1}/ú# w gý/ýÆýp_ýÜü; gý/ûRûADû
üRý7+EOýÜü++EOýn*
	OýŁ 0/û+EOú/*KýÈú,	×*	Oýz$,	ücþﬁ6Æýn* þcûﬀﬁ-/ýÈú,	K*FýnLﬁ+Rý#%ÇpJ


















 þ 0JﬁDûﬀTûbþÆú,(*Ký[An 02ûﬀ\]tLﬁbýzﬁ	Cbý/þI*KýŁ96úüRú,Rú#M%
<N	Oþ+'	OýwÆýnOüRú	ûbú//ú#ÆýBá. 0/ûA\] ú,6Oè8ý/û+[*Ký9×ú;ücú#Rú,°ýcûAþ w þ/þßûbý5Pv, ýcû;]á:]t*KþÆüRý
'	Oý[96úüRú,Rú#}M	KûRþÆþbýi_ú,	OüWA?OüRú,Oücý ý!×J7	KûRþ ú,_Q81 þ wﬁDûﬀTûbþÆú,Ï*KýpAE	Oýp*Ký
/ý>Lﬁ+Rýýcû=OüRþ gúü+*KþLﬁ ý#%
e þbþM12	Fﬁ_ýN*Kýn 0/ûEOúﬃ*Kýn72ý+Rþßûbýw'	OýnL$,Æý	Oü[*KýwAE	Í*Ký?	ü@,	ﬃ]
 gýDû+wbúþßûý wOþÜý ú,	*JOþÜýIRýÆú#GRú,UûÅÎ/|ýC*Ký	OþﬂL×OþÆýI*Kýgú#}/üAﬁ-*Ký
*	Oý³·AÚ+SﬁÛ78%|<V	ü ý!×Ký 0J ý#1Rþx	×	ü;@#	J gýDû³ýcûp*KýûtÎﬃ_ý

ì21}Æúü>	Oý?$#ﬁÆý	Oü


































































Rú#ûtÎﬃ_ý#1 þBýýcûﬁ	bþ*Ký g! gýH_ú,	Oü<T ý7û+	OüRýaý/û<M7/ücþÆû	OüRýy*KýX$,Æý	Oüj*
	Oý
$,	ücþﬁ6Æý0*2 þcûﬀﬁ-/ý#%x9yE,'	KýÈûÅÎﬃ_ýOüRþ gþßûbþ!H/ûﬀﬁDû"üRýOü;býDû+	üp	Oýjþcûﬀﬁ-/ý




































































ü+Dûxﬁ, ýcûV+	Oüﬁ	RýÜþn*KýX/ý ý8]t2þJ'	OýWRýÜücú#Dû0ý 0Oþ*JKþÆý°ü;	ßûﬀTû+


















































































































































ýDûbü;Üý*J	 ûﬀﬁ6 ý7	*Ký$,IüRþL6Æýn ú/7ﬁ ý$BýÜü;n ý.bú, 0 gý2ûw*KýÏL(OþÆý*Ký
ú#}Üü+-*FýxM þ-*Ký8ôw*KýXM ýDûbü;ÜýT*J	Èûﬀﬁ6 ý:ﬁ	w*KýV$#IüRþLﬁ6 ý ú/7ﬁ ýSýcûN'	Bû































ì3%e þRþ_ú,	Oüý 0Oþ ýÜüx	Oý





ðÏAÏIücûbþÆýgþ ﬁ@;þIþ ücý#% ú,	Ł$Bú,z*Fú#-0+EOú;þRþ*KýwOý0-? úﬃ*Kþ~ñNýÜü?LLRý
þ 0ﬁDûADûN þDûRýÜü!Z,/ýAdìOCK=#"ﬃOæOC?3Ì?')	OþOüRýOü;RýDûbýTLpRûRü	-2û	OüRý*KýLp AEOþOý





























































































































ﬂÜÛ¬Ý98Ñ&å( á ﬀ :5ﬁ<;ﬀﬂ/Ýá) Ý ﬁ6å(Þ=:?>( áﬃâA@ﬃﬂ/å(Þ
B





OýpRú#DûTOüRþRýDû]ýC2ú# 0KûRý['	{$#ﬁDûTÆý[*J IüRü+@ý[*Ký?96úüRú,bú,M%N ú	ûbücý
	ü++EOþÆûRý72û+	KüRýýRû þ!ú;ü; 0Üýz*Ký>/ú, 0_ú,ﬀﬁDûi*Ký?6ﬁRýŁðþcûﬀﬁ-/þÆýÜüi')	Ù{ﬁOüÒi-\]
ÎﬃRýC*
	Qñ+EOþ ýÜüw*KýC/ú,Jñ-@,	OüATûbþÆú#%y9×ý	Oþ~]t/þ\üRý@üRú,	_ý ûbú,	Kûbýn ýﬁbú//þLIûRþ ú,
ýDûbücýw	J`ûtÎﬃ_ý06cûRüAIþÆûAý/ûB	ÖûÅÎﬃ_ýw/ú,-/üRý/û7%x96ýw*KýÜü;Oþ ýÜü"ýcû?+E	ü;@#w*Kýjü:ﬁ þRýÜü
























































































<ﬃú,	OüWAE,')	Oýp	 0ÜüRú* þcûRü	-2ûRþ ú,Ù1ﬃ/ý>ñAEOþÆýÜüX*Kýp/ú,Jñ-@,	OüATûbþÆú,C*ﬃ7/üRþßûXM þ n]
ﬁDûﬀTûbþÆú, PM, ýcû;]Åð\]t*KþÆücý[ ý"ûtÎﬃ_ý?/ú,-/üRý/ûiﬁbú//þTQ8%
































ÇBﬁX/ý/û6ýﬀôKý 0Æý#1/Oú,	T$Bú,W ú#DûRüi/ú, 0 gýBûX/ú#ﬃñ-@#	OücýÜüWOú	ûbücýi ﬂ,AEOþOý














1/úüRüRý+_ú,-*-ﬁDûiðŁ	CKú# 6KüRý[/ú, 0Æý8ôKý#%N ú,	
$Bú#JV_ú,	OüV/ýLûbú,	Kû*6_úü+*þL*KýDûbþ~ñ-WÆý/ú, 0_ú,ADûNðüRý7*J8ñ-Oþ üﬃý/û5Tú,	wð>Ièqú,	ﬃ]
ûbýÜü1	OþiOú#	³ýK$Bú#Ji!ú,	OüOþ<	Oýþ wﬁDûAIûRþ ú,uRþ 0J ýz_ú#	OüiAE	×* ýDûbücý
ý	ﬃô%)Ê¯ýy gú/*Kþ~ñ7IûRþ ú,W'	Oý=Oú,	X$;ú#W_úücûÜýyRú,DûXﬁÆþL'	JÜýT$,ﬁDûyÆý>*J8]
 IüRüAﬁ@ýn*Kýw96úüRú,bú,M%MÇŁ{ﬁ	Kûbücýp gú/*Kþñ-7IûRþ ú,B_ý	J$;ýDûf!/ûbüRýn_úücûÜý712/ú, 0 gý
Oú,	ﬂM{$Bú,gý8ôJÆþL')	(*-ﬁ0 ýﬂAEﬁOþßûbüRýﬂOü7*KýDû:1 úüﬂ*KýCM ý8ôJ	KûbþÆú#*Fý




ø [ Q{ö\SQ]SR+ú û [ \U^Q¬û_S KW`SRﬂú´û
abca d
Þe@áﬃåﬀﬀﬁf@ﬃﬂ/å(Þ
Ê¬ýHAEﬁOþÆûRüRýNOü787*KýDûjX þ¬ý[$Fþ*Ký-2ý/ú# w gýDûx*KýxAEﬁ@;ý ýDû+Ù_ý	J$BýBû
!/ûbüRýzﬁ_ú;ümû+i$,Bû= ý8ôJ7	FûbþÆú#uðnM{Iü++EOþÆûRý72û+	Oücýz*KýŁ9×ú;ücú#Rú,Ù|ú,	OüLw!Z	þÆüRý[$;ú]
	OýÜü%TÇBﬁj/ýAEﬁOþßûbüRý#17Oú,	¯ûbü+	þßûbú,x ý7ﬁj*Ký< úﬃ*Kþ~ñ7TûbþÆú#Vﬁ_ú;ümû+Üýj*J	KüABû
 ý8ôJ7	KûRþ ú,Ù1ýKM þ	JRûRüAﬁDûBIüB'	Oý'	Oý"ýﬀôKý 0Æý7%M<Iü þ0ý	ﬃô1|ú,`ýﬀôJÆþL'	KýÜüA









%Õﬁ6ﬁihÛ â(kj ﬁ6å. ,Öå(Û¬â(Þe@ﬃÛ  Ý ãÌåáﬃå(Û¬å(æ
<ﬃú,	Oü ücý 0L,/ýÜüÏ	 ú,		RþÆý	OüC/ú, 0_ú#AﬁDû+71W	JOýFﬁÆþL7TûbþÆú,mP6_ýRúþ
*{7*KýÜü ýØý2ûbþ~$Bý gýBûIðÓ/ý*KýÜüOþÆýÜü;:%]<ú#	Oü2ýK!Z	þÆüRý#16ýÆýK	KûbþÆþbý×	 |úþDû




















































































/ú,DûbýOý	KüH*Fý/ú, 0_ú,ADû:%r	ümûbþÆüN*KýT/ý	Oþ]t/þ1J þ7TûbþÆú#w_ý	KûSú,6KûbýOþÆüNM ýﬃ]
Rý 6Æý*KýB/ú, 0_ú,ADûB*KýLﬂ AEOþOýŁ$Gþ ümû+	OýÆý0ê#7$,')	Oþj ý8ôJ7	KûRý#%MÇpﬁB/ý/û







M	KûbþÆþRýÜüW/ú# w gý>Ù þ 0_úücûbýi'	Oý2ﬁ	Kûbücý ú,6Oè8ý/ûT')	Ù ýÆýi_ú#	OücüAIþÆûX/üÜýÜü%J96ý/ûcûbý>_ú;üÅ]




K g! gýnOüRú/7*J0RýÜü+Ï	KûRþÆþ0_ú,	Oü[Æýgücý 0L/ý gýDû?*Ký?/ú# 0_ú,ABû+z*Fý
96úüRú,Rú#M%WÊHÆþ7TûbþÆú#*Ký ﬂ-*Ký/üADM þcûA-/ý×*KýuLPLﬁ+Rý×'	Oþ³üRýKüRýDûRýu
 AEOþOýÍ$FþÆücû+	OýÆý#1ý/ûuðIücûRþ üI*KýD/ýÆý8]t/þýÆýF_ú#	OücüAG,7*FýÜü5ý/û¹ý úﬃ*Kþ]













Lw_úücûbþÆú,(*Kýz/úﬃ*FýzOü;77*KýDûRýTQ8%-Ê¬ý	OüiIèqú,	Kû ý/û>Æý	Oü ücý 0L,2ý gýDû=RýÜüRú,Dû ü::]














ô-ﬁ gþOú,= ﬂ	þDûbýDû=/ú# w gýDûü:ﬁ þRýÜü=/ýú#}Üü+IûRþ ú,7%
abcÙ 
Ý]. , æ/â(ﬁ×Ý. ÝÞe@>*>Þ â. ﬂqg Ý'q Þ ﬁ6å. ,Öå(Û¬â(Þe@
Ê<OüRý þÒÜücýn/ûA_ýw*J	`üRý w/ý gýDû?*
	Í/ú, 0_ú#AﬁDû[Æúü[*KýnM ý8ôJ	KûbþÆú#






ú,ÈûÅÎﬃ_ýX/ú#-2üRý/ûNM þ 0LﬁDûbýÜü+Bﬁ	nRýê#7$,>7 þKýcû	Oý\þDûbýÜü;!v/ý
ú#	gýﬂEÜücþÆûRýÜüAB: þ+ýcû	Oý>LRý#%Ê¬úüy*Ký>2ý/ûRûbý/ûﬀﬁ_ý#1)L[ w/û+EOú/*Ký=æÌﬁ_@BCK=#ÌŁ*ﬃ	
Oú,	J$Bý:ﬁ	Í/ú# 0_ú,ABû?*KúþÆû"!/ûbücýn7/ücþÆûRýnRþN/ýn*KýÜüOþÆýÜü[*KúþßûA!/ûRüRýjþOþßûbþLÆþ+07$;ý7Æý
























ü:ﬁÆþRý[ ýAücý 0L,/ý gýDû>*
	I/ú# w|ú,AﬁDû:%
e þRþM1_ú,	OüjüRý w/ýÜünÆýC/ú, 0_ú,ﬀﬁDû0*Ký ûtÎﬃ_ýC6cûbü+	þßûDIünﬀ(Oú#	J$;ýÆý







































Ê<z AEOþOýi$Gþ ümû+	OýÆýfüRý7+EOýÜü+AEKýÜüAzÆýB/ú, 0_ú,ADûX*Ký ûtÎﬃ_ýBﬁ6RûRüAIþÆû\ý/û\üRý ]
/ýÜüAiRú,jþ wﬁDûﬀTûbþÆú,0/ú,	OüAﬁDûbýXIüLiOú,	J$BýÆý]þcûﬀﬁ-/ýläFrÜ?ﬃ_@J%;<ý-*-Bû
/ý ú,}ÜüATûbþÆú#J:1OýÆýþ$Bú/'	OýÜüA 0/û+EOú/*Ký[æÌﬁ_@BCK=#Ìﬂ*J	COú,	J$Bý:ﬁ	I/ú# 0_ú,ABû:%
q
ô-ﬁ gþOú#JH ﬂ	þDûbýDûH'	Oý'	OýSý8ôKý 0J ýH*Ký]ücý 0L,/ý gýDû+H*ﬃÎ/ gþ'	Oý
*Kýz/ú, 0_ú,ADû7%
ab76 
Ý]. ,5æ2â(ﬁ6Ý]. ÝÞe@)q Þ Ý ﬂÜÞﬀÛ@ﬃáﬃ ﬁx@ﬃﬂ/å(Þ
 ú#	Jp/ú# w gý,/ú,i þ	cûbüATûbþÆú,K*J	¹üRý 0J/ý gýBûB*ﬃÎﬃﬁ gþ'	Oý*KýŁ/ú# w_ú]







ì31xRþßû+		DRú, 0 gý/ûŁ*KýﬂCKþÆý.*2 ú,3/üAﬁ-*Ký*	OýéæKCT?}Ì-%
<ﬃú,	Oüﬂ/ýI!Z	þÆüRý#1SýÆýCÎ*JOþ ýI/ý*Ký	ﬃôUýDûRþ ýÜü;71SýØý2û+	OýC ý	Oü**KþßûbþÆú#Ù1N	Oþ0Î
ý 0Oþ ý?/ýAü	ßûﬀTû:%





/ú# 0_úücûRý gýDûŁ*Ký/ý/ûcûbýþcûbü;	-2ûbþÆú,Ù1¯þaýRûŁ*Kú,-gþ w_ú#* ýØý2û+	OýÜüz*Ký	ﬃôD*J8]





















ý	ﬃô1\* ý8Øý7û+	OýÜüj*Ký	ﬃôz*JOþÆý gýDûﬃú#	ý wOþÆý gýBû+j ýDûﬀIþÆüRý7%
q
ü	 0#17L







bþOú,IM þDû+@;ücþÆûz*Ký[M ý8ôﬃ7	KûbþÆú,5ýcû üRý gþRýAýI7ﬁ	Rý#%
ç
úﬃ*Kþ~ñNú, þcûRü	-2ûRþ ú,ÍC)ççﬂ_ú,	Oü'	Oý[/ýÆý8]t/þMý 0Oþ ýBÆý[Oücúﬃ*J	Oþßû=*Ký*Ký	ﬃô
ýDûbþÆýÜüB*JOþ?*FýnLOþÆýw* ú#}Üü+-*Ký:%
q
Æýw*Ký8$Fþ ýDû?Æúü[2ú# 0IüAﬁ6Æý0ðﬂ þ;]
ûbü	-2ûRþ ú, Ü?F_@'	KþﬃýØ|ý72û+	OýŁÆýi g! gý³ú#}/üAIûRþÆú#p*KýŁOþ ý#%_e þRþM1}Æý[2ûRþ ú,[ð
ü:ﬁ þRýÜübú,Dû ý=	Oþ$,ﬁDûbýé
ê *JOþ ýÜüÆý[OüRý gþÆýÜüú,}ÜüAﬁ-*Ký#1
ê *JOþ ýÜüÆý[bý72ú#-*ﬀú#}Üü+-*Fý#1
ê´ý 0Oþ ý/ü ýAü	ßûﬀTû>*Ký[Æý	Oü Ł	ÆûRþÆþ7TûbþÆú#I	OüLOþÆý#%
Ê<[Oú,	J$BýÆý³þJRûRü	-2ûRþ ú,2ûﬀﬁDû×ü7Æþ+Üý,1Dþ!vﬁ	Kûy IþDûbý-DûW')	Ù ýÆý>Rú;þßûyOücþRý











ý ý8]& ! gýw	Í/ú# w|ú,AﬁDû:12.7'	Oý-/ý0* ú,}ÜüATûbþÆú#zð>ýØ|ý72û+	Oý/üAýcûAþL*KýDûbþ'	Oý
ðw/ýÆýz*Ký[Ù þ w_ú;ümûbý?'	Oýx	KûRüRý[Oú,	J$Bý:ﬁ	(/ú, 0_ú,ADû7%
lí±³í 
úÅý/üüxùþ²pJü ¯²yü¬ÍËSpOËHýGËf










*Ký/ý(ûtÎﬃ_ý(þ 0LﬁDûbýŁL ﬂDûRþL')	Oýn*Ký/ý/ûcûbý(þcûRü	-2ûbþÆú,K*-ﬁ?9×ú;ücú#Rú,%_e þRþ1
_ú#	OüX úﬃ*Kþ~ñNýÜüXÆý[/ú, 0_úücûbý gýDû*KýpM þcûbü	2ûbþÆú#Ö;C#ç/ç1Fþ2!vﬁ	Kû]ü72üRþÆüRýB/ý ý8]t/þM%
















































'	Oþ[_ýÜü gý/ûu*2 ú,6KûbýOþÆüI`·AÚAS\Û7Iﬁ	mRýÜþm*KýF'	OýÆýPM ýﬀôJ7	KûRþ ú,mRýD*JÜüRú,	Æý#%




































*Kýjú,}ÜüAﬁ-*Kýw*KýÏL>·+ÚASﬁÛ7(ú,6Kûbý/	OýÏOü787*Ký 0 gýBû5PZ þ@,Oý5;Q8%Vèﬃþﬁ ý ýDûwÆý
ü	ßûﬀTû>*Ký[Æý	Oü>**KþßûbþÆú# ýRûý 0Oþ?	Oü=2ýÆý8]t/þ<ðnLnÆþ@#Oý¼%J%
 ú,	Ù_ú#	ﬃ$Bú#Jx	KûbþÆþRýÜüÙLXRûRü	-2û	OüRýH*KýH/ý/ûcûbýSþ wﬁDûAIûRþ ú,?Iüx*J!Z	Kû</ú, 0 gý













































































/ú# 0 ýDû0þ 0LDûRýÜüj= ﬁDûbþ'	OýW*	Ký6þcûRü	-2ûbþÆú,n*KýÆ5 R87AÐ$9:B7x*J	n*J6	Kû|èÅ	^]
'	Ù{ði>ñ-Ù%htKýcûH/ý_ý-*-ﬁDûH_ú#Rþ6J ý*Ký]ü:ﬁ þRýÜüNÆýTOú,	J$Bý:ﬁ	ﬂ2ú# 0_úücûRý gýDûNIü
*JÜüRþ~$#TûbþÆú,Q*Ký.L(LRýÏ* þcûbü;	-2ûbþÆú,Ó	ü*J!Z	Kû7%°ÇpﬁÆýÏ7ﬁn*Ký.LIOú,	J$BýÆý




















ÌìG~OC	ì|:Õ-ÌD}5ÔﬃÌF=Iì3%]<Iü.bú,÷_ýM16ú# ú#6KûRþ ýBû ú#6Kèqý/ûC*J	
 0/ûﬀ:]&Oþ~$Bý:ﬁ	
V
1V, ýRû^]Åð\]t*KþÆüRý2ý	OþX*Ký.( AEOþOý.$Gþ ümû+	OýÆýÏE ÈûRý#1V/úüRüRý^]
_ú#-*-ﬁDûﬂðu/ý/ú, 0_ú#AﬁDû:%N96ý/ûcûbýÏ 02û+EOú/*Ký üRý/ûbú,	OüKýÏ ú#6Kèqý/ûþcûbü;	-2ûbþÆú,





ê( 0/û+EKúﬃ*KýÏæÌﬁ_@BCK=#Ì-%N9×ý/ûRûbýÏ w/û+EOú/*Kýﬀý8Øý72û	OýÏ ý>ûRüAﬁ+!ýÜücûw*Ký*Kú#JÜý

































L,/ýÜü=Æýz/ú# 0_ú,ABûØHOJ8RvÚÇÐR Ø 9IH¹C)çç.	üﬀnOú#	ﬃ$Bý ýþ 0LﬁDûﬀTûbþÆú#%29×ýüRý n]










ûbú,	KûVOú,	J$Bý7	/ú, 0_ú#AﬁDû:%IÇBﬁj ýW7ﬁV*KýyOú#	ﬃ$Bý ý6þ 0LﬁDûﬀTûbþÆú,n*KýyM þcûbü;	-ﬀ]









ÇpﬁB	J×OüRý þ ýÜü³ûbý w713/ý/ûRûRýwﬁÆþL7TûbþÆú,`ýØ|ý72û+	Oý	Oýw**KþßûbþÆú#K*Kýn*Fý	ﬃô
Oú, 6OüRý³ýDûbþÆýÜüp*KýûtÎﬃ_ý

ì3%3ÊH þcûbü;	-2ûbþÆú#×*Ký?5 R87AÐ$9:B7	KûRþÆþ+/ýÈýcûpM þcûbü;	-ﬀ]

























	KûbþÆþÜý#1,$Bý7W2ú# 0 ýT	ü;@#	 ýDûM þcûﬀﬁ-/ýX*J	n/ú# w_ú#AﬁDû!l/ä}rI/ç/ç1'	OþGþ 0LDûRý


































































9×ú#J!ú;ü; 0 gýBû=ﬁ	. gúﬃ*JÒ ýB* ý8ôJ7	KûRþ ú,ÏOüRýDû[ﬁ	AEﬁOþßûbüRý1/M ý8ôJ	KûbþÆú#
*Ký?AE	Oý?*Ký þcûbü	2ûbþÆú#>	CRýÜþI*	ñ-x* ý8ôJ7	FûbþÆú# ýRû>IûRú# þL'	Oý,%Oe þRþ1
	ÍûbýHOüRú//ý	?@ýÜü?Oý0_ý	Kû!/ûbüRýwOüÜý wKû+ﬂ'	Oý0Æúü+'	Oý0M þcûbü	2ûbþÆú#D'	Ù þ








































































































Ý]. ,5æ2â(ﬁ6Ý]. ÝÞe@ ﬀÝ æ/â áﬃÝ], áŁæ Û¬ÝÞe@âA@0ﬂ2å(Þ . æfç
. å(ﬂ/áÝ




Ê¬ý/ú, 0_ú#AﬁDûnRtSJýcûi0 0 gúþÆüRý*Fýw96úüRú,Rú#ú*èuRú#BûB2ú#DûRý/	iÆýfú,6Oè8ý/û+
*Ký(M{ﬁÆþLIûbþÆú,Ù1 Iþ.ﬁ	bþ ýﬂOþ ý.*Kýﬂñ-.* ý8ôJ7	KûRþÆú#4PZ$;ú;þÆü+EOþßûbücý^BQ8%
Ê þBû+Üüc!/ûB*Ký(üRý 0J/ýÜüiÆý(ûAp*KýŁLﬂ AEOþOýz$Fþ ümû+	OýÆýÈýcûB*Fý_ú,	J$Búþ üpAE-@ýÜü
`ücýOüRýBûﬀTûbþÆú#*Kýgú,6Oèqý2û+ﬂ*KýCÆþ7TûbþÆú#ý/ûﬂ*KýC	Oþ*Kú#KýÜü0Iügý8ôKý 0J ý
0OüRú,OüRþ/û*Kýz|ý/üRþcûA-/ý,%|htx_ý	Kû[ﬁ	Rþ<_ýÜü gý/ûcûbücý*Kýz gú/*KþñNý/üiM{ﬁ@;úüRþßû+E ý
*Kýü+ ﬁRý8]& gþ ý2ûRûbýz*Ký0L AEOþOý0$FþÆücû	Oý ý#%<ú#	OüAü:ﬁ þRýÜüz/ýücý 0L/ý gýDû71
þW!Z	Kûw*JL/ýÜünÆýjú,6Oè8ý/û+ISRMR872Øé	H2SFÜëß7Jz*KýÏM-/þÆýÎûﬀﬁŁ$BýÜü;nÆý.Oú#	J$;ý:	Ù%VÊ¬ý
ú#6Kèqý/û+pIûcûbýÜþ@,6ÆýiRú#Bûp/ý	ﬃôI	KûRþÆþA6Æýi	ü=J þ7TûbþÆú#K	( ú# gýDûi*J	 ücý8]
8ÎJL@ýBﬁ	Kûbú, IûRþ'	Oýp*Fý>[ 0 gúþÆüRý>IüyÆý ü+ ﬂRý8]& gþÆý/ûRûRý:1'	Kþ}Oý>_ý	KûTﬁÆú;ü;
ü7L ýÜüWLz w gúþ ücýp'	Oþ}Æý	OüXz/ûBTûRûbücþ6	JÜý#%K<ú#	Oü×ýØ|ý72û+	KýÜüWÆý üRý w/ý gýBû
*J	Í/ú# w_ú#AﬁDû0RtSTJ>*Kýﬂ9×ú;ücú#Rú,M1þV!vﬁ	Kûfûbú,	Kû?*6_úü+*uÎ¹üRý7/ú,DC ûRüRýw/ý"ú,6Oèqý2û+71
 	þyﬁ	bþA$Búþ ü°ûRüA*J	Oþ ücýÆý	Oü-/þÆýOýüRýOüRýDûAIûRþ ú,ﬂ*-ﬁ/ýÆý=*J	wOú#	J$;ý:ﬁ	
ûﬀ7%ÊjÈü!ÜüRý-2ýz*Ký?AE	I* ý	ﬃôﬀýRû=/ú#DûRý/	Oý?*-ﬁé










êLÏêÜú,Oý 0 gúþÆüRý'	Oþﬂ/ûwﬁ ú,	Üý_ú#	Küp	 ú#6Kèqý/ûB*J	¹ûﬀﬁ:1+ú#	×	RþÆý	OüÙ
*-ﬁ>2ý?7ý ý[Ł$,Æý	Oü=*KýB$,	ücþﬁ6Æý>* þcûﬀﬁ-/ý ú,	I*Ký?LRý7%
¡+¢y£ë£ä¡,£¡ ìÏ½+Í*¯T¬o¬«(®ÁÂcÂq«(¬ŁÍ*½^²Ł½+ÂP¯íuî½F­DÂk«­q­c½®¦ÊT¬«,í!ª¦½+Â
h&¬ýﬀôKþcûRý?*Ký?Oú, 6KüRý	ﬃôIﬁ@úüRþßû+E gý=*KýAüAﬁ Rý8]& gþÆý/ûRûRý_ýÜü ý/ûRûﬀﬁDû=*Ký?*J8]
ûbýÜü; gþOýÜüﬂ ýRý 6Æýu*Ký>ú,6Kèqý/û+ÏTûRûbý/þ@,6J ý7%yÊ<F w/û+EOú/*Ký(	üKÐ$9ﬁÛ³L3RtScéD7`:B7
Úï ·q8Úb72H2Ð$7J813Iü"ý8ôKý w ý,1xﬁRúﬃ/þÆýw	Í/ú# wKûbý	Oü?ðÏ+E,')	Oýú,6Oèqý2û:%Mh&N/úüRücý+_ú,-*
	ÓOú, 6OücýÏ*Ký* ú#6Kèqý/ûn_ú,+*-Dûn	Oý>ü!ÜüRý-2ý.$BýÜü;n/ý	Oþ~]t/þM%! Lu/ü;:IûRþÆú#
*	ÍKú#	J$;ýSú,6Oèqý2û:1Rú#F2ú# 0KûRý	OüAýcûAþKþÆûRþﬁÆþð=êÜüRú%¯Ç>	OüAﬁDû?M ýﬀôJ7	KûbþÆú,Ù1Mþ
ýcû>ﬁ	@, gýDûBRþL(ü!"Üücý-/ý[*KýBM ú,6Oè8ý/û=*Ký$FþÆýDûLz$#ﬁÆý	Oü*	KýB$,IüRþL6Æý[* þ^]
ûﬀﬁ-/ýX*	w	KûRüRý6ú#6Kèqý/û°ý/û°þFýcûN*Kþ þ	XRþJ/ý/ûcûbýy$#ﬁÆý	Oü°ýRû úﬃ*Kþ~ñ-Üý#%Ê¬ý°ú,6Oèqý2û+
IûcûbýÜþ@,6Æý=Rú#Bû>/ý	ﬃôC*Kú,Dû=Æý?/ú, 0Kûbý	Oü]ýcû=	}ÜüRþÆý	Oü>ð	Ù%
ÊH@ú;üRþßûE gý.Oü787*KýDûn ýcû(ýó7/ýÏ*-JnÆýÏn*KýÈü!"ÜüRý-/ýn/þ üÅ]
	L	þÆüRý:1x, ýcû;]Åð:]Å*KþÆücýﬂ	Jýbý 6Æý* ú#6Kèqý/ûŁ')	OþHRýgü!ÜüRý-/ýDûz 	Kû+	OýÆý gýBû:%
<ﬃú,	OüﬁÆþÆýÜüiðw/ýLﬃ1Nþ¬ý8ôKþRûRýŁIþJbþx*	KûRüRý= 0/ûEOúﬃ*Fý=	>/ú# w ýﬀôKý71/ú, 0 gý
Æý=ﬁ@úüRþßû+E gýT*Ký ûbüAm7ﬁ@;ýB'	Oþý8Øý7û+	OýDûTL(üRýAEOýÜü++EOý[*Ký\ú,6Oè8ý/û+=TûRûRýÜþ@#ﬁ6Æý








Ê¬ý°ú#6Kèqý/ûIûcûbýÜþ@#-6Æý*J	w/ú, 0_ú#AﬁDû=R&STJVð üRý 0L/ýÜüN_ú,	J$,Bûz!/ûRüRý]ücý7/ú,ﬃ]





	Kûbþ þAIûRþÆú#F*J	Í/ú# 0_ú,ABûéD7J8R¸Ø 9THNH2SIØ"Úb7:B7JÚN¸·q8Úb72H2Ð$7J>'	OþIüRýn
@;ýRûRþ ú,I*Kýú#6Kèqý/û>*Ký[Ln@ýRûRþ ú,I*Ký[ ý	Oüü;!"Üücý-/ý#%
¡+¢y£ë£ä¡,£É ðV´+©!ª¦«(ÍK½¨Ã½ﬁ¬­Ï²Ł½+Âk©!®Áª¦½+ÂÏ²Ł½+ÂPñ!ªÁÂk²xò½FÑy´+ÍI¶y­#®¦¯T¬
ÇpﬁBÆýn úﬃ*JÒÆýw*Ký 0 gú;þÆüRýn*Fýﬂ9×ú;ücú#Rú,*Jñ-OþNﬁ	KAEﬁOþÆûRüRýó13L 0 ú;þÆüRý



























 ú#	J"ý8ôJÆþ'	Oú#B IþDûRýﬁDûBOúûRüRýn þRýÈýÌô[	J$FücýjýFê#7$,.*J	`ücý 0L,/ý8]
 gýDû>ðnL$Bú,Üýz*J	I2ú# 0_ú,ABûzRtSTJX*KýŁ9×ú;üRú,Rú#M%
¡ﬁ¢u£ë£¦¥£¡ §q¨©!ª¦«¬­c« ­#®¦¯T¬Z²!¶Z¬¯T¶yÀ½I«¶õ­c«(Â













* úﬃûbý/û+=*Kþ+_ú,Oþ6Æý³ýC ý2û+	OüRýAý/û ýC7/ücþÆû	OüRý?'	OþMüRýOübýDûbýÜü+n 0 gúþ ücý?*Ký
96úüRú,bú,M%






















 ú#DûRüRý#1}	üfý8ôFý 0Æý#12/ú, 0 gýDûp ýBRýÜü^$Fþ/ý[* ý-/úﬃ*-ﬁ@ýjý/û




















" {"³t¼ ~&µ£L ¡ºJµ L L¶"µµ ´L~ ﬁﬁúL¶FûJ¸~¡ÃÃL¶¶Z²



















 ú,	 gú,Dûbücú#J IþDûRýﬁDûH/ú, 0 gýDû gý2ûRûbücý\ýóô[	J$FücýXÆýT*JL,/ý gýDûH*Ký





:B7 :IØJ LO9TJØZR¸ØÊ9IHýcûuﬁbú//þPð+E,'	KýDLﬁ+RýPZ$BúþÆüIAEﬁOþßûbüRýBQ8%h&[_ý/ü gý/û5ý
Iücûbþ	ÆþÆýÜü?*Fý0*ﬃ/ûbýÜü; gþKýÜüBÆý"ûA	þ ý?*Ký"þcûﬀﬁ-/ý?*KýwLﬁ+Rý"ý/û?*Ký"ûA6J ý:ﬁ	ﬃô




 0 gúþÆüRýi/úüRücý_ú#-*.ð?L?Rú# w gýi*Ký6úﬃûbý/û+y7/ý+AIþ ücýTð?LücýOüRýDûAIûRþ ú,Ï*Fý
AE'	Oý>AEﬁ 0ý/û71*-ﬁ ý>7ﬁy*	gûA6Æý:ﬁ	Ù1/ð[L[Rú, 0 gý=*Kýaúﬃ2ûRý/û+7/ýA	þÆüRý
ðÍLÍüRýOü;RýDûﬀTûbþÆú,*Ký(AE'	Oý5ýDûbü;Üý#%Ê<`ûA	þ ýu*Ký(AE'	Oý ûÅÎﬃ_ý(*J_ý**Fý








Ê<z gþRýBð èqú,	OüX*	.@;ýcûRþ ú,Iþ ücý[*FýB*Kþ_ú#RþßûbþÆú#*
	OýBLﬁ+RýB* ú#6Kèqý/ûX7 ý!]
!ý72û	Oý=bý ú,M{ﬁ@;úüRþßû+E ý>	Oþ~$#ﬁDû71*-JyÆý7'	OýRú#BûW7ﬁL8	yL"ûA	þ ý>*Ký>AE'	Oý
þRûA-2ýX*KýX/ý/ûcûbýX8ﬁbý,1ﬁ Iþj@ﬁÆý gýDûV ýV_ú#RþßûbþÆú#0üRýLTûbþ~$Bý*KýWRý<$#IüRþLﬁ6 ý
* þcûﬀﬁ-/ýz	CRýÜþ(*Ký[Æý	OüêÜú,Oý[ 0 gúþ ücýAüRý+_ý7ûbþ~$Býé
Ý










c 6=  +@G@ µ«®ã±D½

¯T¶Ł±k­c¯T¶y­
Æý$,IüRþL6Æý>* þcûA-/ý field *Ký[LwLﬁ+Rý c
µ«(®ã±D½
TûRûRüRþ6	OýÜüLn_ú,RþÆûRþ ú,5üRýTûbþ~$Bý size ﬁ	IAEﬁ 0 field 











ðSèqú,	Oü<: ýØ|ý72û+	Oý×ýüRý7*Ký ﬂ-*-ﬁDûj]ûﬀIþÆýW*	z gýDû	ŁKú#	J$;ý:	/ú, 0_ú,ﬀﬁDû

























býÜü+w*J/ûRýÜü þÜý?/ú, 0 gý[	Oþßûé
Ý
ú;þßû length Æý?Oú, 6KüRý?* ýDûbü;Üý?*J	ﬀûﬀﬁ6 ý:ﬁ	Ù%
Ý
ú;þßû type ÆýAûtÎﬃ_ý?*Ký?AE	I*Ký[bý gýBû+7%
Ý
ú;þßû newHeap Æý?Kú#	J$;ý:	I/ú, 0_ú,ﬀﬁDûûﬀﬁ7%
Ý
ú;þßû size LÈûA	þ ý?*J	ﬀûﬀﬁ6 ý7	Ù%
size = newHeap.sizeof(type)× length
ìÏ½ﬁÍ*«(ªãÍI¶oª²Ł½+Â ©¯ÂD®­#®¦¯¬Â «(íoÂq¯TªÁ¶½+Â ²Ł½+Â ¯íuî½F­#Â¾þ
 IþBûbýﬁDû?')	OýnRú#Dû
/ú#	OýwÆýÈûﬀIþÆýw*KýAE-,'	Oý þcûﬀﬁ-/ý*Ký8ﬁbý>ý/ûw*KýAE'	Oý>ûA6Æý:ﬁ	Ù1VÆý	Oü









=#Ìú,	dT/ææOCä21OüRý_ý72ûRþ$;ý gýDû>_ú,	Oü=Æý þcûﬀﬁ-/ý>*KýzLRý ý/û












































	\J 7R2 þ-*Kþ/ýz*ﬃ	IKüRý gþÆýÜüú/2ûbý/û=Æþ6OüRý?*-ﬁ=Æý?/ú, 0_ú#AﬁDûzRtSTJ8%
·AÚb7$7	6J 7R ← 0;

¯¶±k­c¯T¶ŁÂ





























*72üRþßû+	OüRý*J_ý-*-ﬁDû*Ký=+E,'	Ký]ûﬀﬁ7%#Ê¬ýT gúﬃ*JÒ ý*Ký w gúþ ücý*Kýi9×ú;ücú#Rú,	ücý




	 ú#6Kèqý/ûi	CRýÜþ(*Ký?Ln 0 gúþÆüRý#%¯PZ$;ú;þÆü=AEﬁOþßûbüRýÆDQﬀ%-Ê¬ý$,ﬁ ý	Oü;>*Ký
ü!ÜüRý-/ýaý8ôFûRýÜüOýHRú#Bûy*Kú#þ-AEﬁ@,Üý	Oý!úþSûbüAﬁ!"Üü;Üý*-H ýOú,	J$Bý:ﬁ	
/ú, 0_ú#AﬁDûzRtSJ8%
Ê<ÈüRý7/ú,OþÆýz*KýT$#ﬁÆý	Oü=*Ký=*KþØ3ÜücýDû+ú,6Oèqý2û+=Rý?*J$;ý ú,_ýz/ú, 0 gýB+	KþÆûé
<ú#	Kü=AE	I*Ký ú,6Kèqý/û+>IûcûbýÜþ@,6Æý obj *Ký Hold é
êRþ obj ýcû=	ﬀûﬀﬁ6Æý:	I* gýDû+=*Ký"ûÅÎﬃ_ý T Æú;ü;




*-ﬁ=Æý[Oú,	J$Bý:ﬁ	 ûA Hnew %













h&N!vﬁ	Kûz*JRúü Iþz*JL,2ýÜü? ýzKþÆýz*Ký[ñ-z* ý8ôJ7	KûRþ ú,D7IüýÆý?Rú#DûŁﬁ]



















e þRþM1,Lp_ú,RþÆûRþ ú,ﬂ6Jbú,	Oý=*KýTAE	Oý=*FýNOþ ýH*KýXñ-* ý8ôﬃ7	KûbþÆú,Ù1)	þRþ-'	Ký





















ú;þßû newHeap Æý?Kú#	J$;ý:	I/ú, 0_ú,ﬀﬁDûzRtSTJﬀ%
Ý
ú;þßû stackPosition Ln_ú,RþÆûRþ ú,uﬁ6Rú#	Oý?*Ký?LOþÆý?*- newHeap %
Ý




























/ý gýBûﬂ*KýL× 0 gú;þÆüRýCðu($Bú,Üý#1VOú,	$Bú,0AEKú;þRþ*Ký ûtÎﬃ_ýÜünuOþ ýC*Ký
AE,')	Oýñ-*2 ý8ôJ78	KûbþÆú#*Ký(9×ú;ücú#Rú,ŁSrO,SIHRë 7++Ð5ÇJR¸Ø 9TH1H\ñ-*FýC_ýÜü; gý/ûRûRüRý	Oý
üRý7/ú,Oþ ýu	ÏRþ w ý×*KýÏ*Kú,Üý ýDûRüRýuÆýÏ*Ký	ﬃôOþ ý7%WÊ¬ý¹ûÅÎﬃﬁ@ýu: ýØ|ý72û+	Oý
	ü³ý-7	LTûbþÆú#×*KýŁ+E,'	KýŁ gýDû þDûbýÜü;OýAL_Ø¸ëÆ7*->	Oýþcûﬀﬁ-/ý*KýûtÎﬃ_ý



















ÊH gýDû\þBûbýÜüKý L_Ø ëÆ7[R $L,$7×ýcû*Ký ûtÎﬃ_ý[6cûRüAIþÆû])ä-Ì)çNd;CÕNCDìOCK=#"ý2ûT_ú#^]
+Ò7*Fý=Æý=RýÜü;$Fþ/ý	ümûbþ	Æþ ýÜü]=

ﬃä)+CF@TÌ1#_ýÜü; gý/ûRûABûy*Ký ücý7/ú#OþÆýÜü1OJ 7/ëÆ9IH>J 9IHR LN71









	ü;@#	 ýDû:%<Iüfý8ôKý 0 ý,12Æýp$,ﬁ ý	Kü[*Ký(ûÅÎ/_ýwç





















*Kú,	6Æý&ëWﬁ	Oý ← bü'& ý:ﬁÙ% ücý:,*NÇ³ú,	6ÆýBP¸þ-*Ký8ô+Q3








































































)J%0%ê¹e @ﬁ	-AEOý éþ 0LDûAIûRþ ú,F*KýwLÏ gþRýﬂð(èqú,	Oü?*Ký[@ýcûbþÆú#-	þÆüRýz*Fý

















ÝBA C5æ2âD6ÝBA ÝÞe@FE Ý æFqåáGEﬀå(ÞﬀÞ â(ÞHD6ÝJI á




ÇBﬁ>96úüRú,Rú#M1J@ú;ücþÆûE gý?* ú;ü*Kú#J-/ý gýDûýcûþ-*J_ý-*-ﬁDû>*KýBL@;ý^]
ûbþÆú#K*FýL w gú;þÆücýn*Ký>ñ-B* ý8ôJ7	FûbþÆú#Ù%

ý 0J/ýÜüi ý/ú# w_ú#AﬁDû?O\Ú(PQOSR<R2STRVU
Ð(W5ÇﬃÚRþ@#Oþ~ñNýWﬁ úü< gú/*Kþ~ñNýÜüx@ú;üRþßûE gýy* úü+*Kú,ﬁ-/ý gýDûj*Kýxñ-j* ý8ôﬃ7	KûbþÆú,
*Ký9×ú;ücú#Rú,M%













@ýcûbþÆú#D*Kýz gú,Oþßûbý	Oü;ý/ûzÙ þ 0LﬁDûbý0ﬁzLC_ú,ÆþÆûRþL')	Oý.*Fýﬂ 0 ú;þÆüRýﬂ*Ký[ñ-
* ý8ôJ78	KûbþÆú#n*KýWL>}7/þ~ñ7TûbþÆú,w*KýWL= ,+EOþOý$Fþ ümû+	OýÆýê)$,ÊF,ZZr%
q
	*Ký


















Ê¬ýSüRý 0L/ý gýBû<*J	?/ú# w_ú#AﬁDûgOﬁÚPQOTR<R2S R2Ð(W5ÇﬃÚ}: ýØ|ý72û+	OýNRýÆú#[@ú;ücþÆûE gý
+	Oþ~$,Bûé
Ý


































ý 0L,/ý gýDû>*J	I/ú, 0_ú,ﬀﬁDûqOﬁÚ(POTR<R2STR3Ð(W5ÇﬃÚ
ab?>(r s_t
åI³@FE?u>Þ âvA wxIﬀÝyEHI z|{~}'-(S,[Ł

ﬁC/ý/ûRûRýKRý72ûbþÆú,Ù1XOú,	ﬀý8ôJÆþ'	Oú#JI/ú, 0 gýDûCIèqú,	KûbýÜüC*/Îﬃ þL')	Oý gýDû




















Ê¬ýﬁ@)@ýiðjú,6Oè8ý/û+ ýØ|ý72û	OýDû=Ln+Æý72ûRþ ú,(*Ký[ 0/û+EOú/*KýŁðÈý8ôJ7	KûRýÜü ý
!ú,-2ûbþÆú,w*J	(ûÅÎ/_ýX*KýXAE,8	w*KýNIü@,	 gýDûN*KýX/ýÆý8]t/þM%)9×ý/ûRûRýW+ ý7ûbþÆú#Ù1,_ýÜý









Oü;7/þ>*Kýú,6Oèqý2û+>/ú,/	>	C ú# gýDû=*Ký?M ýﬀôJ7	KûbþÆú,(*Ký[M{ﬁ_ýM%
Ê¬ý<ﬁ@)@ýNðú#6Kèqý/û$Bý7aPT7©ª-SﬁRtÐöT*ﬃÎﬃﬁ gþ'	Oýy_ý	J$BýBûlX/ûRüRýXIþRþﬃ*Kþ~$Fþ6ý





































































































 ýÏLJ@ﬁ@;ýIð°Ç¾R<UPT7©ª-SﬁRtÐö/1W'	OþiOýÍ/ú,Rþ*JÒÜüRýBûI')	Ù	 Rý	[Iü@,	 gýDû
_ú#	OüHLB ý2ûbþÆú#*KýL[ w/û+EOú/*Ký#%/96ý	Oþ]t/þ}2ú;üRücý_ú#-*ﬁ	gûtÎﬃ_ý=/ú,-/üRý/ûy*Ký
 ú#6dÀqý/û=	OüT ý'	Oýx/ý/ûcûbý[ 0/û+EOú/*KýAýcûiﬁ_ýÜý#%
¿











+ ý7ûbþÆú#I*Ký[L 0/û+EOú/*KýzðÈý8ôJ	KûbýÜüT: ýØ|ý72û+	Oý[Æúü=*KýB ý8ôJ7	KûRþ ú,5ý/ûýÆýAýcû
*J/ûbýÜü; gþJÜý"ýÏ!ú,-2ûbþÆú#*J	>ûtÎﬃ_ýB*
	Ïbý	ÙIü@,	 gýDû71ﬃ/ýB'	Oþ2/ú;ücüRý_ú,-*Cðz	Oý
ûbý7AEOþ'	Oý.*KýÇ¾R<UPT7©ª-SR&ÐöÄP# R2SﬁÛq­5Ç<W%jÊ<C 02û+EOú/*Ký.AEOúþRþÆýÙ ýRû*J/ûRýÜü gþÜý








$,Dû=* ý8ôﬃ þ'	OýÜüjü;:ÆþAIûRþ ú,(*J	C 	ßûbþ]&_ú#~Îﬃ gúüEOþ gýz	CRýÜþ(*Ký[OúûRüRý




















































ýÆýÈú,6KûbþÆýDûpLü!"Üücý-/ý;Îﬃ Ł6_ú#Æþ'	Oýn*KýŁLﬂ 0/û+EKúﬃ*Kýnðý8ôJ	KûbýÜüBðﬂIücûRþ ü
*J	 Ð(OTRd©8RtSTRRBª<OOÁV*KýIÍLRýu/ú,	OüAﬁDûRý#1, ýRû^]Åð\]t*KþÆüRýILFLRýuðÍIücûRþ ü




ýÆýAýØ|ý72û	Oý[L(üRú,	KûRþ ú,I*ﬃÎ/ þL'	Oý[*KýBL w/û+EOú/*Ký?ðIücûRþ üT*KýBLÈü!8]
ücý-/ý?;Îﬃ 6_ú,ÆþL')	Oýz*Kýz2ýÆý8]t/þ#/ý/ûcûbýAüRú#	KûRþ ú,un_ú#	Oüú,6YÀqý2ûbþ!*KýAûRüAﬁ^]

































































































































































































§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ
vºL¶~¶Z²
§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ
vº:Z¶~¶Z²
§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ &ºL¶~¶Z²




§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ
vºL¶~¶Z²
§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ
vº:Z¶~¶Z²
§ﬀ{L {^¼ 1t¼ ³;ºL:ºtµ L &¼ Åµ &ºL¶~¶Z²




















































































































































































































































































































































































/	ﬁ.5G5656>9>@242@57ﬃ! 7)H2@%/5,$&5656>IÏ>42@>ﬃ!)/5A I%/ 7ﬃ6%/5,$'( 2J05 Ü=-Ï>@56%/	ﬁ%C+K2L8M$$2@>N+C
ﬃ!>@.
%;Ð)C+"ﬃ6)/%Oﬀ.5P/	ﬁ.5%/.Q$' 7ﬃ!>4+"2@>@%/ R-?.ﬃ6 6)S+"-ﬂ-ﬂ%/.ﬃ 7%/-ﬂ$2N+"%" 2@%SﬃT(5è=%
.(ﬃ! 6%-R+>4.%	U>4 Vﬃ!%/2@2@%W>4.56>,X%Y56.Z =..'.[+"%/ Ì%wØ\!]Ö^ﬂÚ_$' 7ﬃ!>@ Ì=%
2L8M$$24>4+C
ﬃ!>@.`%"ﬃH$&%".g[(.ﬁﬃ56.`%;Ð=)C+"ﬃ!>@.ED Ûa.%" 6.>@%/ b%;Ð%/-ﬂ$2@%9+"%"ﬃ7ﬃ!%0ﬃ! 6>@56>Ké/-?%











ﬃ6ﬃ!%">4.ﬃCD[5{/	.5A 7)/5656>âÚ0 7%/$ 6G>@ 6%+"%X>r/	(>ﬃ=)7 Úc)|ﬃ!)





 6562=$&%/=ﬃa-R>@.ﬃ!%/.[(.ﬃ56%/ 	=>@ ð%$2N






+>@.%É	=>@ 7ﬃ6%/2@24%.(ﬃ! 7%3$$ 6U+%.98:%/57ﬃ$[(5A%/.ﬃ!>Ié/ 7%/-ﬂ%/.ﬃ+"%/.ﬃ6 6)/%H56 ,2J?+|-ﬂ$>@2N
ﬃ!>@.!9-R>@5$24=ﬃ!ﬃ56 H.%R !+>@ﬃ6%C+|ﬃ! 6%ﬂ-ﬂG2N(>@ 6%ﬂ+"2J>@ 6%/-ﬂ%/.ﬁﬃ)Ñ[.>@%+"$2@)/%
Ú%Y$>4565T.ﬃ!5ﬂ-?)C+C(.>456-ﬂ%/5ﬂ 7)ù[%;Ð>IÒ5ﬂ%"ﬃÞ%·ﬃ)/.)/ !ﬃ6>4.µ%|Ł]ÙÖﬁ]"Dðﬀr%"5ﬂ$&%/ 
Ò 7-R.[+"%/5356.ﬃ3-ﬂ>@.5»Ï&..%/5BXﬁ%è[.528~($$ 6=+%è%5Í(>@%"5#eH¶9-R(>@5$&%/ 



















ø(9Ï2@%.>W	ﬁ%e8:>@.ﬃ!%/ 7$ 6)"ﬃTﬃ6>4.!%/.·ﬃ T.g%-R
1 7>ﬃ!)
ø ÚR2N24 =%/ %c+"%/ Vﬃ#>4.5K-ﬂ)/+C(.>@56-ﬂ%/5%

 7562{I+"-ﬂ-ﬂ%B$'( {%;Ð%/-ﬂ$24%
28~Ï57ﬃ6 T(+|ﬃ!>@.ª%P2JW 7%/$ 6)/56%/.ﬁﬃ#





5£ﬃ! T/	( ÐÞÒﬃ6 65+".56>457ﬃ6%/.ﬃ=.[+8ÚB(-?)/24>@ 6%/ 2@%/5$&%/ ÝÒJ 7-R(.+"%/5=98d%;Ð)C+" 
ﬃ!>@.?5#.5ﬀ$& £(ﬃT(.ﬁﬃﬀ$& Vﬃ!%/ £
ﬃ6ﬃ!%">4.ﬃ6%Ú{28~( 6+>ﬃ!%C+|ﬃ6 6%Xﬁ%,.5/	.5a 6)24>@56)/%D
¤
.%R$&565!>IÏ2@%è	>@%%/57ﬃﬂ98d>4.ﬁﬃ! 6G>@ 6%R%"ﬃÎ98d%/.ﬃ! 7%/-ﬂ)/2@%/ [.5B24%¥|Ł ]ÙÖﬁ]½%R2L8M$
$24>4+C
ﬃ!>@. Ú%;Ð)/+"ﬃ!%/ Y24%¦|Ł ]ÙÖﬁ]5%¥.ﬃ6 6%¥-R(+>@.%Â	=>@ 7ﬃ6%/242@%

 7562D=êg2b%/.
 6)/562ﬃ!%/ T>ﬃA.Y56%/29.>W	%(·98:>@.ﬃ6%/ 6$ 6)|ﬃ#
ﬃ!>@.!=24%R|Ł]ÙÖﬁ] 6)"5!2ﬃTﬃ,)"ﬃ#.ﬃA%;Ð=)C+"ﬃ!)
$'( A.%-+>@.%	=>@ 7ﬃ6%/242@%H.'ﬃ6>I	%)C+" 6>ﬃ!%H$' A%;Ð%"-ﬂ$2@%%/.

D




ﬃ'ﬃ%Ì%?$ 7 ﬃ T-ﬂ-R
ﬃ!>@.$Í/	P.53-?.ﬃ6 6)?XE8d>42)"ﬃT(>ﬃB5656>
.)C+"%/565T(>@ 6%D98M/	ﬁ>@ *.c+"-ﬂ$>@2J
ﬃ!%/ +|2@2NÏ& T.ﬃ)"ﬃ! 7>ﬃ!%"-ﬂ%/.ﬃa/	ﬁ%C+£.ﬃ6 6%-+>@.%
	=>4 Vﬃ!%/2@2@%D*5c	.53$ 6);	=;.% !+>@ﬃ6%C+|ﬃ! 7%´%R 7%/$ 6)/56%/.ﬃTﬃ6>4.B©|Ł]ÙÖﬁ]
(5656%/ª«-?2N>4 7%«$& P>4.	ﬁ%/.ﬃ6%/ P%"ﬃP5!$$I 7ﬃ6%/ P.E8:>@-ﬂ$& 7ﬃ!%_X%/2@24%_%;Ð=ﬃ!%/.5!>@. %




( 6+>ﬃ!%C+|ﬃ6 6%H$& A5#0$ 6G[+|ﬃ!>@.%P|Ł g]ÙÖﬁ]"D
5=)/56>@ 6.5)/ﬃ2@%/-ﬂ%/.ﬃ-ﬂ)/2@>@ 7%/ 24%{-ﬂ)C+C.>@5!-?%ÞÖÙaÔ%K2NB5 Ü=-Ï>456%H
56%/>4. %ﬂ­ 65!2LDÛ.ôþU-R2@2@ﬃT(2@&5!._>4-ﬂ$2J.ﬃ#
ﬃ!>@.«%/57ﬃÒ+">@2@>@ﬃ6)/%Îﬃ !®+"%ﬂÚ5T-R¯
+T°>@.%P±=>4 Vﬃ!%/2@2@%Y%/.ﬃ6>Ké/ 7%/-ﬂ%/.ﬃ?²)C+" 6>ﬃ!%%/.µþU-R242ﬃ#2@;-R>@5c5! Vﬃ!ﬃ?$' !+"%YXE8d%/242@%
Ò 6.>@%32J?$&5656>IÏ>42@>ﬃ!)0²%3²)Ñ[.>@ {²%3.±ﬁ%/2@2@%/5{-ﬂ)"ﬃ#¯+"2N(5656%/5&+|%BX>r.E8:%/57ﬃ{$[(5G2@%
+C5c%/.µÍ/±=D³F 028d>@.56ﬃT(.ﬁﬃﬀ­ 65!2 6)2@>456%2@%-ﬂ)C+C.>456-ﬂ%ôÖÙ<²%P2JW5 Ü=-c¯
















%/57ﬃ0$&565!>IÏ2@%²%R 7%C+T°' Ýﬃ%/ B.%P+"2N(5656%(;56%/>@.Z²=%P2Nf-R+!°>4.%±=>@ 7ﬃ6%/2@24%P² T.ﬃ
2L8:%;Ð)C+"=ﬃ!>@.ED7ﬀE%¿|Ł]ÙÖﬁ]²%/5S+"2N(5656%/5S$&%/=ﬃ_(>@.56>Éæ"ﬃ! 7%`%/. 7>N+!°>3/±.ﬃS²98%Ü æ"ﬃ! 7%
 6%C+!°'( ﬃ%/ /D=­%/$&%".[²[(.ﬁﬃU+|%"ﬃ6ﬃ!%$&)/ T
ﬃ!>@.R.%G$&%"ﬃ56% 6)2@>456%/ £56 £2@%/5+"2N5!56%/5+T°[( 1¯
ﬃ)"%/5H$' b2NP-R(+T°>@.%0±=>@ 7ﬃ6%/242@%ÞÍﬁ/±
I2@ 75²%c56.<²=)/-R( 7 T'ﬃ%DﬀE%/5b-ﬂ)"ﬃ#¯+"2N(5656%/5
²<$'Xﬁ%"ﬃ#'ﬃ%R=[a¶6·¸¹¶a
ﬁº·4= ¡«.E8%ÜÂÒJ.ﬁﬃ3$'(5%;Ð+"%/$ﬃ6>4.ED ﬀ}Y-R(+T°>@.%ﬂ±=>@ 1¯
ﬃ!%/2@2@%Ø¢]²>@ﬃ0².[+Þæ"ﬃ! 7%R$2@5B±ﬁ%/ Vﬃ!%R%"ﬃÒJ 7.>4 B²%/5B-ﬂ)|ﬃ#
¯+"2N565!%"50$&±(.ﬁﬃ









ﬃ!>@.ED=Û242@%_ 6%/.[²¦.(ﬃ! 7%_-R(+T°>@.%W±=>@ 7ﬃ6%/242@%
=±ﬁ%/ 7ﬃ6%0%"ﬃ{ﬃ!5K56%/5b+"-ﬂ$&5T(.ﬃ65K56.ﬃH(2@ 65b²>@56$&.>IÏ2@%/5b$& æ"ﬃ! 7%056>@-ﬂ$2@%/-ﬂ%/.ﬃ
 Ï5!%/ V±ﬁ)/5ﬃ!>@2@>@5!)/5-R>@55! 7ﬃ!ﬃ 6%/-?$2J(+")/5CDI­%"ﬃ6ﬃ6%$&565!>IÏ>@2@>@ﬃ6)B²% 7%/-ﬂ$2N(+"%/-ﬂ%/.ﬃ
>@5!56%_²=%W28d±%/ 7ﬃ! 6%_²%S.ﬃ6 6%W-R(+T°>@.%S±=>@ 7ﬃ6%/2@24%W$ 6)"5!%".ﬃ!%_²%"5R$ 6ŁÏ2Ké/-?%/5²=%
56)C+" 6>ﬃ!))"±U>N²%".ﬃ!5ﬂXﬁ%.5c.E8~C±.5c$'5'Ï& 6²)/5ﬂ²[.5?+"%"ﬃ6ﬃ6%Pﬃ!°9é/56%D-Û.Z%" I%"ﬃ
.S 7%/-ﬂ$2N+|%/-ﬂ%/.ﬃ>@.'²[$ﬃ!)3²98d.W+"-ﬂ$&5T(.ﬃ$&%/ﬃK>@.5!>E-ﬂ%|ﬃ6ﬃ! 7%H%/.S$&)/ 6>@2E24%²)|¯
 62@%/-ﬂ%/.ﬃK²%328d%;Ð)C+"=ﬃ!>@.!&-(>@5b5656>*²%32Nﬂ-R+!°>4.%±=>@ 7ﬃ!%/242@%B%/2@24%#¯-Ôæ/-ﬂ%DI5
ﬃ! !C± ÐÓÒﬃ6 65{±=>@5!%".ﬃ(5656>-Ú)"ﬃ#'Ï24>@ K.%c$&2@>N+|%ﬂ²=%c56)C+" 7>@ﬃ6)ﬂ(²[$ﬃ!)/%c$&%/ 7-ﬂ%"ﬃV¯
ﬃ#.ﬃR.À+".ﬃ! 72@%«²%W2L8M(+/+é/5Y Ð¦+"-?$&5T.ﬃ!5²%W.(ﬃ! 7%_-R(+T°>@.%S±=>4 Vﬃ!%/2@2@%_%"ﬃ
%/.R$' 7ﬃ6>N+"2@>@%/ $& £24%/ £ 6%/-?$2J(+"%/-ﬂ%".ﬃD
¤
.%{X%/57ﬃ!>@.R>4.ﬁﬃ!)/ 6%"5!5T.ﬃ!%G+".[+"%" 6.'.ﬃ
+"%"ﬃ6ﬃ6%c$&2@>4+"%ﬂ²%c5!)C+| 6>ﬃ!)c56%/ TYR)"ﬃ![²>@%/ ?e²>ﬃ7¯g%/2@2@%Ôæ"ﬃ! 7%c%/2@24%ﬂ(5656>-ﬂU²>WÑ&Ï2@%ÞÚ
.E8:>@-ﬂ$& 7ﬃ6%X%/2E-ﬂ-ﬂ%/.ﬁﬃ$' A2L8M$$2@>4+Cﬃ6>4.{Á
­%"ﬃ6ﬃ6%`²%/ 7.>Ié/ 6%`X%"56ﬃ6>4.%/.À5!2Ié"±ﬁ%`²e8M>42@2@%/ 65Y.%<ﬃ! 6% Ï&%[+"$©$2@5
Â
)".)/ T24%B%"ﬃKXﬁ>*+|.[+"%" 6.%B2@%B 6%/-?$2J(+"%/-?%/.ﬃK²%/5K+"-ﬂ$&5T.ﬃ!5K²=%B.(ﬃ! 6%3-R(+T°>@.%
±=>@ 7ﬃ!%/242@%_F²=>ﬃ7¯g.Z(5656> é
Â
2@%/-ﬂ%".ﬃ!%/ 324%"5c²> I)/ 6%/.ﬃ65B-ﬂ-ﬂ%/.ﬃ!53Ã;+"%/ ÐU¯+">56.ﬃ
-ﬂU²>IÑ[)"5S 7%/-ﬂ$2N(+")/5IÁ





>42@2@56ﬃ6 6%/ ²%/5A>4²)/%/5>@-ﬂ$& 7ﬃ#.ﬃ6%/53
øÀÇE%/5B²>N
Â










































 6%/$ 6)"5!%/.ﬁﬃ!)/%H$' A.%ÉÏ&(4ﬃ!%+"-ﬂ$&56)/%²%²%/ ÐY$' 7ﬃ!>@%/5
ø¿.%H$'( Vﬃ!>@%H5!$&)/ 6>@%/ 6%ÆÃ·Ñ
Â




Ò)/ 6>@%/ 7%Æ&Ã¥$$'( !(>@5656%/.ﬃK2@%/5K-ﬂ)|ﬃ!°=²=%/5b+"2@)/5K²%0+"%/2@24%/5V¯+">F%/.
>@ﬃT(2@>4X%D
¤
.%`+|2J565!%¥+".[+| Ýæ"ﬃ!%¥%/57ﬃfX'.ﬃÚ;%/2@24%¥ 7%/$ 6)/56%/.ﬃ6)/%¥$' .%¥-Ìæ/-ﬂ% Ï&>@ﬃ6%Æ
C±%C+c%/.`$245H.%?²%/ 6.>Ié/ 7%?$'( Vﬃ!>@%?>@.9Ò)/ 7>4%" 6%?56>@ﬃ6)/%?%/.<²%/56565²%ﬂ+"%/2@2@%?Ã¥%/57ﬃ
²)C+" 6>ﬃ!%S2@%/5-ﬂ)"ﬃ6°=²%/5CD"Ûa2@2@%W56%S+"-ﬂ$&56%W²%f2J¥2@>@56ﬃ6%W²%/5ﬂ±( 7>J'Ï2@%/5P²e8:>@.57ﬃ#(.+"%/5
²%B2N+"2N(5656%D&Çﬀ8:>@.9Ò 6-ﬃ6>4._56 G2@%ﬃÜU$&%0²%B+T°'(+".%B²98:%/.ﬁﬃ! 6%3%/2@2@%B%/57ﬃ{$ﬃ!>@..%/2LD
ý
.5,+"%"ﬃ6ﬃ6%{ﬃ!°9é/56%ÆU.5ﬃ!>@24>@56.5,2N0+".±ﬁ%".ﬃ!>@.S­,ÑHÑ0Æ=X>I-ﬂ%"ﬃ2@%K.-Ò²PﬃaÜ=$&%
C±.ﬃ2@%H.-Ó²98:.%H-ﬂ)|ﬃ!°U²%§L+"%HX>9$ 6)C+|>456%H56.YﬃaÜ=$&%H²%H 6%|ﬃ! 
¨
Æ²98d.S²%H56%/5
$'( !(-Ìé"ﬃ6 6%/5CÆI«%/.[+" 6%c²98:.%B± 6>N'Ï24%c²98:>@.57ﬃ#.[+"%DeÇE%/5b-ﬂ)|ﬃ!°=²=%/5H²98d.%?+"2N5!56%






























































($$'( !(>ﬃ ÚR2JRﬃæ|ﬃ!%?²98:.%c 6)/Ò)/ 7%/.[+"%Æe>@2a56>
Â
.>IÑ[%ﬂX%?²%c-02ﬃ!>@$24%c Ï1%"ﬃ65H56.ﬁﬃ%".































-ﬂ.ﬃ! 7%B2L8: !² 6%0²[.5K2@%CX%"2







.%35624>4²%H±ﬁ%/ Vﬃ!>4+C24%>@.[²>4X%2J?² 6)"%3²%H±=>@%3²98d.S Ï1%"ﬃ


















)/ 6%" K.%0 6%CX
æ"ﬃ!%D
¤
.%0-ﬂ)"ﬃ!°=²%0$&%/ﬃb%/.±Ü%/ b²%"5b 7%CX9æ"ﬃ6%/5K±%/ 65b²98~(ﬃ6 6%/5
 Ï1%"ﬃ!5CD­%/ Ð¯1+|>{56.ﬁﬃ>@.[²>4X)/5f/±%C+W. !+W° 6>@ª/.ﬃ#2{$&>@.ﬃ#.ﬃP±ﬁ%" 65P2L8:ŁÏ1%"ﬃ
 6%C+"%"±%/ CDÇE%K.-ì²%K2JB 7%CX9æ"ﬃ6%b%"56ﬃ-ﬂ.ﬁﬃ! 6)b(Y²%/56565A²%b+"%"ﬃ !+D
¤
.%K 6%CX9æ|ﬃ!%
²%+" 7)ﬃ6>@.c²e8:ŁÏ1%|ﬃ%"56ﬃ*-?.ﬃ6 6)/%+"-ﬂ-ﬂ%£.%2@>@.%$&>4.ﬃ6>42@2@)/%56%ﬃ6%/ 6-ﬂ>@.'.ﬃ*$' F.
( !+(D
¤
.%G 7%CX9æ"ﬃ6%{²%G28d Ï1%"ﬃ)/-?%"ﬃ6ﬃ!%" £±%/ 65+"%G-Ìæ"-ﬂ%GŁÏ1%"ﬃ)/-ﬂ%|ﬃ6ﬃ!%/ $&>4.ﬃ6%G5! 
24>ê¯g-Ìæ/-ﬂ%D
¤
.0 !+ﬀ° 6>@ª/.ﬁﬃ#2$&>@.ﬃT(.ﬃ*²%ﬀ28d Ï1%"ﬃF 7%C+"%"±ﬁ%/ E±ﬁ%/ 65}2L8:ŁÏ1%"ﬃF)/-ﬂ%"ﬃ7ﬃ!%/ 
>4.[²>4X%c2NèÑ[.¥²%c2L8:%;Ð=)C+"ﬃ!>@.<²98d.%c 7%CX9æ"ﬃ6%D þU>*.%B±2@%/ b%/57ﬃb 6%"ﬃ6 7.)/%ÆI5!.
.-Ó%/57ﬃA56>@ﬃ6)B=¯²%/56565G²%+"%|ﬃ{( 6+D




































































































































K>±ﬁ%/·þ 6(( /DÍ(2N$&%/óW'?+"-ﬂ$>@2@%/ V¯g56$$& Vﬃ!%C²?7/±0±=>@ 7ﬃ!'2E-R¯





































ﬃ7ﬃ#.'(56>@ (.[²¹þﬃ6%/$°%/. þU-?>@ﬃ6°ED êg-ﬂ$2@%/-ﬂ%/.ﬃ6>4.
Â
72N($&%/ó
>@.©7/±=D êg.Bû ý û"Ù
ß/]|\!]|T] Ù
ﬁﬀAﬃﬂC]"þi×ﬀ\ßû]|'þ]Ö

































ÓÍDrHDr,5656%/242cD þ( 7 3ODâÍDâþU%/ 6 !(.ÓÍD}­KD






































































°>@%/ 7 Üﬂ­$'/Üﬁ%Æﬁ(.[²ÞÍ(%.=¯1Ê%/ 6.[( 6²èþﬃ!%Ò(.>D&A%#¯































































































































































































































































































































































 6%/$& 7ﬃCÆ,ô[ 6%/>@%
¤
.>±ﬁ%/ 656>ﬃ{











































 6>@5CD ­ 6562K.%ôÍH -ﬂU²2N(>@ 6%¥$' T-ﬂ)"ﬃ6 T'Ï24%Ú2NO±ﬁ2@)/%D













































































Ê 6>N(. ôU(ﬃ!%(.² G2@$°Û,DÔÍ(°.56.ED A%|È[%C+|ﬃ!>±ﬁ% Ò(+">@24>ﬃ!>@%/5Z>@.
5!-(2@2ﬃ#(2@ﬁ¯
î¬


















































































 6%"5!% !+!°¶Ò !(-ﬂ%#÷, 6




















-ﬂ-R=Æﬀ,>4+T°' !²w	%/2@-SÆﬀ24$° Í(°.5!.EÆﬀ.[² Í(°.µ{24>@5V¯
















































































































































































































































































































































ﬃ! 7%ÒJ -Í/±=D_(57ﬃ!%/ /8:5}ﬃ!°%/56>@5Æ
¤













































































































































































































































































































































%	.[²=ﬃKG%/. ÇE[+C(5­( 7>4.% . ÇE>@-ÎÏ&%/ 1¯
Â











































































































ﬃ6ﬃ!%" 6.5K÷G>ﬃ!°<+"-ﬂ$>@2@%|¯ﬃ!>@-ﬂ%? 6%"È[%C+#ﬃ!>@.EDﬂê.Ł£\ÙNT]T]Ö'ûJ" ^ÞÙVß


















%/ 6ë­°>KÏ'=ÆrKGª/¹êgﬃT(.Æ.[² _ !+#¯
É{2@>@±U>4%/ rKb>@2@24>d1>N.ED É{$&%/.Í/±p
ü


































































%/.EÆOD$K?DÊ T(²56°'"÷BÆ.[²¿3DÉ{57ﬃ6%/.[² 7$ED Û@ÐU¯
ﬃ!%/.²>4.
Â






























































































































































































































































































































































































































































 6)/ÒJ)/ 6%/.[+"%{%;ÐUﬃ!%/ 6.%Æ
­Łî
Æ
ì/¬®
ø
ì/¬Łî
Æ
ì®(í
 6)/ÒJ)/ 6%/.ﬃ6>4%"2r²%/5>@-ﬂ$2N.ﬃ#
ﬃ!>@.5Æ
íŁí
 6)"È[%ßÐ>@±U>@ﬃ6)Æ
ì/í
Æ
ì/¬j
+"-ﬂ$& 7ﬃ6%/-ﬂ%/.ﬃT(2@%Æ
ì®
Æ
­(í
56ﬃ6 6[+|ﬃ6 6%/2@2@%Æ
ì®
5ÝÜU-ÎÏ>@ﬃ6>NXﬁ%Æ'Ô
®
5ÝÜU56ﬃÝé/-ﬂ%b 6)"È[%;Ð=>KÒ1Æ
ì®
ﬃ!(ﬃ#(2@%Æ
ìC¬
Ô
 6)/>WÑ'+C
ﬃ!>@.9Æ
ì®
Æ
íì
Æ
ì/¬­
ø
ìC¬Łî
 6)/5624ﬃ6>@.²ÜU.'(-ﬂ>4X%Æ
®(¬
Æ
ìC¬j
Æ
ì/­
Ô
ücMþiûw× Ö'ûN^g	% (þWßØÆ
ì®Łî
±'»Z­U·Z·¸©E©H°½9Æ
j
ì
U«,­¡®k©·¸,©©<°ﬁ½UeÆ
j¬
 T-R5!56%|¯g-ﬂ>@%"ﬃ7ﬃ!%/5CÆ
ìC¬
Ô
 6%C²%ßÐ9Æ'Ô
¬
5!+T°)/-Rf	¹kQ»Ù'ÆCÔ
®
Æ
ì/¬4í
Æ
ìŁìC¬
Æ
ìŁì
Ô=Æ
ìì"í
5 Ü=-ÎÏ>@5!%2@>@.
Â
>457ﬃ!>4X%Æ
­í
Æ
ìC¬
´Æ
ì/¬(í
Æ
ì/¬Ł­
ﬃ#5CÆ
®
ÔÆ
îí

,­U9Æ
îí
 6%/-ﬂ$2N(+"%/-ﬂ%/.ﬃCÆ
ì"íﬁj
ª/.%3²%²..)/%/5CÆ
®ì
